Patients with spinal cord injuries are at increased risk of developing symptomatic urinary tract infections. Current evidence-based knowledge regarding prevention and treatment of urinary tract infection in the spinal cord injured population is limited. There are currently no urinary tract infection prevention and management guidelines specifically targeted towards elite spinal cord injured athletes. This position statement represents a set of recommendations intended to provide clinical guidelines for sport and exercise medicine physicians and other healthcare providers for the prevention and treatment of urinary tract infection in spinal cord injured athletes. It has been endorsed by the Australian Institute of Sport (AIS) and the Australian Paralympic Committee (APC).
INTRODUCTION
Patients with a spinal cord injury (SCI) are at increased risk of developing symptomatic urinary tract infections (UTIs) [1] [2] [3] [4] as a result of impaired storage and voiding function. 5 6 The evidence base is limited, making it difficult to recommend evidence-based guidelines for the prevention and treatment of UTI in the SCI population. 6 7 A survey of UTI treatment for patients with SCI in centres specialising in the urological treatment in Germany, Switzerland and Austria reported that treatment is not well standardised. 6 The evidence base specific to Paralympic athletes is also limited. 8 Additionally, there are no UTI guidelines specifically targeted towards elite athletes.
A study of 61 SCI athletes who used intermittent catheterisation reported that athletes from developed nations experienced an average of 1.6 UTIs per year. Athletes from developing nations experienced on average 3.5 UTIs per year. 9 Furthermore, Derman et al 10 reported a 7.6% frequency of genitourinary illness in Paralympic athletes during the competition period of the London 2012 Paralympic games. This is higher than that reported in similar studies of able-bodied athletes. 10 UTIs during competition may prevent athletes from competing. 9 This position statement represents a set of recommendations intended to provide clinical guidelines for sport and exercise medicine (SEM) physicians and other healthcare providers for the prevention and treatment of UTI in SCI athletes. The recommendations were developed based on a review of the current literature regarding UTI in patients with SCI (boxes 1 to 4). This position statement has been endorsed by the Australian Institute of Sport (AIS) and the Australian Paralympic committee (APC).
ASYMPTOMATIC BACTERIURIA AND DIPSTICK TESTING Asymptomatic bacteriuria
Asymptomatic bacteriuria is a common finding in patients with SCI. 1 11 Prevalence is over 50%, regardless of whether voiding is managed by intermittent catheterisation or by sphincterotomy and condom drainage. Prevalence approaches 100% in patients utilising long-term indwelling catheterisation. [12] [13] [14] [15] The Infectious Diseases Society of America define asymptomatic bacteriuria as ≥10 5 cfu/mL in two consecutive urine samples collected in a manner to minimise contamination. 16 The European Association of Urology recommend that asymptomatic bacteriuria in patients with SCI should not be treated. 17 This is supported by several other guidelines and authors 3 4 13 16 18 19 as it has not been shown to be effective, and can create antimicrobial resistance. 4 7 11 20 21 Additionally, bacteriuria may indicate poor hydration or infrequent catheterisation, and may be addressed by changing hydration and voiding/ bladder management routines. 13 
Dipstick testing
Several guidelines and authors state that routine urinary dipstick or microscopy, culture and sensitivity (m/c/s) testing is not recommended in patients with SCI. 7 16 17 19 Pyuria is common in patients with catheters, and has no predictive value in differentiating symptomatic UTI from asymptomatic bacteriuria. 3 22-24 Additionally, pyuria in association with asymptomatic bacteriuria is not an indication for antibiotic treatment. 1 3 13 16 DIAGNOSIS OF UTI Signs and symptoms of UTI UTI in patients with SCI is defined by both presence of physical symptoms and high amounts of bacteriuria. 3 4 13 18 24 In the asymptomatic patient, urine odour, cloudiness, and/or the presence of pyuria are not sufficient to indicate infection. 1 3 13 23 There are no standard criteria for signs or symptoms constituting symptomatic UTI in patients with SCI. 6 18 In catheterised patients, the common occurrence of fever and bacteriuria and the variable presence of a broad range of other associated clinical manifestations make the diagnosis of symptomatic UTI difficult. 3 The following symptoms have been suggested as potential indicators of a UTI in patients with SCI: 
Testing
Urine should be sent for m/c/s where one or more of the aforementioned symptoms are present. 3 13 24 As regular catheterisation is associated with bacteriuria, reliance on dipstick testing for nitrite and leucocyte esterase only can lead to false-positive diagnoses of UTI. Evaluation with urine culture should be used to ensure proper diagnosis and treatment. 25 Long-term indwelling catheters should be changed prior to collection of urine as this improves the accuracy of culture results. 3 18 When travelling with teams, access to urine m/c/s may not always be available. The travelling team physician may wish to consider using a urine dipstick in these circumstances to augment their clinical findings. However, urine m/c/s is at all times preferable for diagnosing UTI. If there is suspicion regarding UTI, it is recommended that the travelling team physician attempt to gain access to this investigation.
There are no standard criteria for levels of bacteriuria constituting symptomatic UTI in patients with SCI. 18 26 The following has been suggested as quantitative urine culture criteria for the diagnosis of bacteriuria in individuals with SCI: ▸ Catheter specimens from SCI on intermittent catheterisation: ≥10 2 cfu/mL ▸ Clean catch specimens from catheter-free males using condom collection devices: ≥10 4 cfu/mL ▸ Specimens from indwelling catheters or suprapubic aspirates:
any detectable concentration. 24 
MANAGEMENT OF UTI Antibiotic treatment
Antibiotic therapy is only indicated for symptomatic UTI. 7 17 Empirical therapy should be started based on suspected causative organisms' antibiotic sensitivities, and then replaced by a therapy adjusted for the specific organism(s) identified in the urine culture. 17 24 The majority of uncomplicated UTIs in Australia can be treated with trimethoprim, cephalexin or amoxicillin with clavulanate. 27 The European Association of Urology state that there is no superiority of one agent or class of antimicrobials for treatment of UTI in patients with SCI. 17 In complicated UTIs (including patients with neurogenic bladder) therapy should be guided by culture results. 27 Patients with SCI with previous UTIs could be started on the antibiotic the organism was previously sensitive to, and this then reviewed once culture results have become available. Where there are medical comorbidities, such as an athlete with one kidney, specialist advice should be sought early to guide treatment. Additionally, in some parts of the world (eg, South East Asia), there is high antibiotic resistance to Escherichia coli, which is an organism which commonly causes UTI. 28 Therefore, a low threshold for specialist review should be considered for UTI in SCI athletes during or after travel to these countries.
The optimal duration of antibiotic treatment has not been established. 18 Therapy for 7-10 days is the most commonly accepted protocol. 17 The Infectious Diseases Society of America guidelines recommend a 7-day course of antibiotics for patients with symptomatic catheter-associated UTI who have prompt resolution of symptoms, or 10-14 days if there is a delayed response. 29 
UTI PREVENTION Cranberries
Cranberries ( particularly juice) are widely recommended for use to prevent and treat UTIs. 2 Evidence of the efficacy of cranberries in prevention of UTIs is however inconsistent. 13 A recent Cochrane review assessing the effectiveness of cranberry products in preventing UTIs, reported that cranberry products did not significantly reduce symptomatic UTI recurrence in patients with neuropathic bladder or SCI. 2 
Methenamine salts
A Cochrane review investigating the use of methenamine hippurate in the prevention of UTI concluded that it may be useful in patients without renal abnormalities, particularly if used for short-term prophylaxis. However, in patients with renal tract abnormalities or neuropathic bladder, methenamine salts do not appear to be effective in the prevention of UTI. 30 Other acidification/alkalinisation agents A systematic review reported that ammonium chloride, sodium bicarbonate, acetazolamide, and ascorbic acid are not useful in preventing UTI in patients with neurogenic bladder. 7 
Catheters
Intermittent catheterisation is the gold standard for treating voiding disorders associated with neurogenic bladder 13 31 and is associated with a lower incidence of UTI and asymptomatic bacteriuria. 3 32 However, a recent meta-analysis supported the use of hydrophilic catheters in individuals with SCI, as intermittent catheterisation with hydrophilic catheters was associated with less UTIs and haematuria. 33 
Bladder management
A bladder management programme is necessary to assist bladder emptying in individuals with SCI. 5 Such a programme should enable bladder emptying on a frequent schedule while allowing patients to remain free from urinary leakage while storing urine at low bladder pressures. 31 There is a risk of UTI if the bladder does not empty completely. 5 Poor bladder management technique includes inadequately cleaning catheters, inadequate hand washing or perineal hygiene, excessively short or long intervals between catheterisation, or contaminating the catheter during insertion. 13 The Frequent bladder emptying by catheterisation is an important factor in preventing UTI. 7 The conservative methods for bladder management include indwelling catheterisation, intermittent catheterisation, and condom catheterisation. Intermittent catheterisation is the preferred method, due to reduced incidence of urological complications compared with other methods. 4 Intermittent catheterisation should be carried out on a regular basis, usually every 4-6 h, to keep the amount of urine obtained to less than 500 mL per collection. 34 More frequent catheterisation increase risk of cross-infection, while less frequent result in high bladder storage volumes. 3 Hand hygiene is an important preventative measure. 5 Individuals with SCI should be taught hand hygiene and clean catheterisation technique to minimise the risk of UTI. 34 A Cochrane review reported that there was a lack of reliable evidence regarding sterile technique versus clean for reducing UTI in patients with SCI. 32 It is therefore recommended that clean catheterisation technique should be taught. Sterile catheterisation should be considered for individuals with recurrent symptomatic infections occurring with clean catheterisation technique. 34 Hand hygiene should include teaching to clean hands with either antibacterial soap or alcohol-based cleaners prior to and after catheter insertion, manipulating the catheter or changing of drainage systems. Additionally, daily catheter hygiene should be performed, including cleaning of the perineal region and proximal catheter with soap and water for patients with an indwelling catheter. 5 Patients using intermittent catheterisation should use catheters for single use only, as per manufacturer guidelines. A study of 61 SCI athletes who used intermittent catheterisation reported that athletes who reused catheters experienced significantly more frequent UTI. Athletes from developing nations were significantly more likely to reuse catheters, and exhibited two times more UTIs per year than athletes from developed nations. The authors suggested that catheter reuse may be due to a lack of resources or a lack of education. 9 All athletes utilising intermittent catheterisation should be educated regarding catheter hygiene, including that catheters are for single use only.
Adequate hydration may also decrease the risk of developing UTI. 13 24 35 36 Unless contraindicated, recommended fluid intake should be 2-3 L per day. 24 Variability in exercise intensity or climatic conditions should be taken into account when considering fluid intake requirements. During acute UTIs, bladder pressure should be lowered by increasing the frequency of bladder emptying, and by consideration of anticholinergic drugs. 7 
Antibiotic prophylaxis
The benefits of long-term antibiotic prophylaxis remains unproven. 18 The Scottish Intercollegiate Guidelines Network recommends that antibiotic prophylaxis should not be routinely prescribed to prevent symptomatic UTI in patients with catheters. It is suggested that antibiotic prophylaxis should be considered for patients with whom frequency or severity of UTI is chronically impinging on function and well-being. 3 Frequent UTI is defined in patients with SCI as three or more UTIs per year where both a positive urine culture and infection symptoms are present. 13 Additionally it is recommended that antibiotic prophylaxis should only be used for people with a history of catheter-associated UTI following catheter change. 3 A pilot study into prevention of UTI in patients with SCI however reported a significant decrease in UTI and hospitalisation using a weekly oral cyclic antibiotic (WOCA) regime over a 2-year period. 37 The WOCA regime consisted of alternate antibiotic administration once per week over a 2-year period. The antibiotics used included: amoxicillin 3000 mg, cefixime Box 3 Recommendations relating to prevention of urinary tract infection (UTI) in spinal cord injured athletes 1. Cranberries products, methenamine salts, and acidification/ alkalinisation products cannot be recommended for UTI prevention 2. Antibiotic prophylaxis should not be routinely prescribed to prevent symptomatic UTI 3. Spinal cord injured (SCI) athletes with recurrent UTIs should be medically reviewed in relation to whether antibiotic prophylaxis would be appropriate 4. Travelling athletes who choose to dehydrate should be reviewed by their general practitioner or sport and exercise medicine physician to discuss whether antibiotic prophylaxis is appropriate 5. Education should be provided to all SCI athletes regarding UTI. Education should include several sessions, and verbal and written information should be provided. This information may include, but not be limited to: ▸ Signs and symptoms of UTI ▸ Prevention of UTI ▸ Treatment of UTI ▸ Hand hygiene ▸ Perineal hygiene ▸ Frequent bladder emptying ▸ Use of catheters ▸ Adequate hydration
Box 4 Additional recommendations based on current practice
Alkalise the urine during acute urinary tract infection for symptomatic relief if required 400 mg, fosfomycin trometamol 6000 mg, nitrofurantoin 300 mg, and trimethoprim/sulfamethoxazole 320-1600 mg. The antibiotics were specifically chosen for each patient according to the results of urine culture. Elite athletes are required to travel for training, and to compete in interstate and international competition. SCI athletes often choose to dehydrate in order to minimise the number of times catheterisation is needed. These athletes are at increased risk of UTI, and it is recommended they see their general practitioner or SEM physician to discuss antibiotics for prevention of UTI during travel. If antibiotic prophylaxis is instituted for these athletes during travel, this should be based on previous causative organisms' antibiotic sensitivity. It is however recommended that techniques to ensure adequate hydration during travelling should be discussed prior to considering antibiotic prophylaxis. Additionally, it is recommended that hand luggage includes adequate numbers of catheterisation equipment, and that seating preferences are considered to allow adequate access to toilet facilities.
Education
Mays et al 38 reported that educational programmes may be beneficial in reducing UTIs in individuals with SCI. However, there is no evidence suggesting the efficacy of one education approach over another in reducing UTIs. A prospective cohort study into the effect of nursing education on UTI recurrence in patients with spinal cord injuries found that 65% of patients responded to education. Of this cohort however, 73% required multiple sessions to achieve a decline in the number of UTIs below threshold. Education included catheterisation techniques, cleaning of the perineum, use of examination gloves and cleaning of catheters. 39 
CURRENT PRACTICE
The following is recommended in relation to UTI prevention in individuals with SCI by spinal units in Australia: ▸ Encourage adequate hydration (2-2.5 L/day unless other contraindications) ▸ Educate regarding hand washing and catheter hygiene and technique ▸ Education regarding signs and symptoms of UTI ▸ Recommend vitamin C 1 g two times per day and methenamine hippurate 1 g two times per day for UTI prevention (NB: this is not supported in the literature). Cranberries may be utilised for UTI prevention if patient preference ▸ Twelve monthly reviews with urologist The following is recommended in relation to UTI management in individuals with SCI by spinal units in Australia: ▸ No need to treat asymptomatic bacteriuria ▸ Change catheter prior to taking urine sample ▸ Antibiotic choice based on urine sensitivities ▸ Alkalise the urine with Ural if required for symptomatic relief ▸ Ensure adequate hydration (2-2.5 L/ day unless other contraindications).
There is common use of vitamin C, methenamine hippurate and cranberries for UTI prevention in patients with SCI. The evidence base currently does not support this, practice. There are, however, no documented significant adverse effects. 
